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Available online 5 March 2016Samples of copper-based artifacts from four components from three Late Iroquoian archaeological sites in south-
ern Ontario were analysed using Laser Ablation-Inductively Coupled Plasma-Mass Spectrometry. Compositional
analysis showed that the concentrations of Ni, Zn, As, Ag, Sn, Sb, Au, Bi, Co, In and Pb clearly differentiate North
American native copper from European-introduced smelted copper and brass. Together with radiocarbon
dates, this indicates the presence of trade metals on Iroquoian sites in the early to mid sixteenth century, well
in advance of a European presence in the region. The small sample analysed suggests that red brass appears ear-
lier than yellow brass, and trade metals may be found at sites in the Lake Ontario drainage before they are found
in the southern Georgian Bay area.
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Ontario1. Introduction
The later contact period in Ontario (ca. 1580 to 1650 CE) is rela-
tively well dated using glass bead chronology (Fitzgerald et al.,
1995; Kenyon and Kenyon, 1983) but it is clear that European
metal items were traded during a period of indirect contact in ad-
vance of the beginning of trade in glass beads (Birch and
Williamson, 2012; Fox et al., 1995). Exactly when this trade began
is not clearly established, because most chronological assessments
of Ontario Iroquoian sites are made using pottery seriation. The ra-
diocarbon calibration curve for the sixteenth century is relatively
ﬂat, further complicating the matter. Copper-based metal (primarily
smelted copper or brass) is found on many Ontario Iroquoian sites in
greater and smaller quantities; however, the longstanding use and
exchange of native copper in eastern North America make it impos-
sible to determine its origin without chemical analysis. The simple
and relatively effective scratch test described by Fitzgerald andins), jpetrus@laurentian.ca
.crawford@utoronto.ca
d. This is an open access article underRamsden (1988) may allow separation of copper from brass, but it
cannot differentiate between native copper and European trade cop-
per. Thus, methods such as Instrumental Neutron Activation Analysis
(INAA), X-Ray Fluorescence (XRF), and Laser Ablation-Inductively
Coupled Plasma-Mass Spectrometry (LA-ICP-MS), provide means
by which to determine the chemistry, and therefore origin, of
copper-based metal artifacts. When coupled with a program of ra-
diocarbon dating, such analysis may allow us to determinemore pre-
cisely when metal trade materials reached the lower Great Lakes
marking the inception of the period of indirect contact.
This article presents results of LA-ICP-MS analysis of 37 samples
from 24 copper-based metal objects from three sites in Ontario: Ellery,
Emmerson Springs, and Wallace (Fig. 1). Together with previously un-
published radiocarbon dates from these sites, we aim to address the
question of the timing of the period of indirect contact in southern On-
tario. INAA has been an important tool in understanding the use of
copper-basedmetal in Ontario, andwe examine the degree towhich re-
sults obtained by LA-ICP-MS are comparable with those obtained by
INAA. The suite of elemental concentrations that can be obtained by
the two types of analysis are different, and we consider if elements
other than those identiﬁed in INAA studies may be helpful to
distinguishing European smelted copper from North American native
copper.the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Location of the sites with copper analysed by LA-ICP-MS and other sites mentioned in the text. Wendat sites: 1 - Benson, 2 - Ball, 3 - Robitaille, 4 - Ste. Marie II. Map data from the
Ontario Geological Survey 2010. Surﬁcial geology of southern Ontario; Ontario Geological Survey, Miscellaneous Release Data 128 — Revised.
Table 1
Elements considered useful to separate native copper from European smelted copper
using different analytical techniques.
Analytical
method
Distinguishing elements and
levels in native copper
References
INAA As (≤105 ppm)a
Sb (≤55 ppm)a
Au (≤130 ppb)
Ag (≤300 ppm)
Co (≤1–6 ppm)
Ni (below LOD)
In (below LOD)
Cd (below LOD)
Se (below LOD)
Hancock et al. (1991),
Wayman et al. (1985)
PIXE Ag (b300 ppm)
As (b100 ppm)
Sb (below LOD)
Pb (below LOD)
Ni (at or below LOD)
Ehrhardt (2002), Fleming and
Swann (2000), Gersch et al. (1998)
XRF Pb (below LOD)
Asb
Sbb
Bi (below LOD)
Abel and Burke (2014)
a Some sources of native copper have elevated levels of As, Sb, Sn and Hg.
b Elevated concentrations of As and Sb in a sample with high Pb indicates European
copper.
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A number of different analytical methods have been applied to de-
termine compositions of archaeological copper-based metals in North
America. These include Instrumental Neutron Activation Analysis
(INAA), Particle Induced X-ray Emission spectrometry (PIXE), X-ray
ﬂuorescence (XRF) and Laser Ablation Inductively Coupled Mass Spec-
trometry (LA-ICP-MS). Analysts frequently employ metallography
(e.g., SEM) in concert with compositional analysis (e.g., Dussubieux
et al., 2008; Ehrhardt, 2005; Wayman et al., 1985). The goals of these
different examinations include characterizing North American source
materials and artifacts deriving from them (e.g., Hill, 2009; Lattanzi,
2013; McKnight, 2007); distinguishing between native copper and
European smelted copper (e.g., Abel and Burke, 2014; Dussubieux
et al., 2008; Dussubieux and Walder, 2015; Fleming and Swann, 2000;
Ehrhardt, 2005; Fox et al., 1995; Gersch et al., 1998; Hancock et al.,
1991, 1993;Wayman et al., 1985); and characterization of the composi-
tion of copper-based alloys (brasses and gunmetals) (e.g., Anselmi et al.,
1997; Hancock et al., 1995a; Pavlish et al., 1998; Michelaki et al., 2013).
Only the latter two study types are pertinent to this paper.
In Ontario, the bulk of the research on the composition of archaeo-
logical copper has been conducted using INAA, which provides quanti-
ﬁed estimations of the bulk concentrations of many elements in an
artifact. INAA of copper-based metals has two limitations: a) it is not
possible to obtain concentrations of lead and b) large objects cannot
be analysed whole and must be sub-sampled. PIXE also provides
quantiﬁed estimations of the concentrations of elements relevant to
distinguishing native copper from European smelted copper. The detec-
tion limits (LOD) are higher than for INAA, but PIXE has the advantage of
detecting lead (Fleming and Swann, 2000; Gersch et al., 1998). X-rayﬂuorescence (XRF) provides semi-quantitative results and can distin-
guish native copper from European smelted copper on the basis of the
presence or absence of a number of elements, including lead (Abel
and Burke, 2014). Table 1 summarizes the elements found to be useful
for distinguishing different native copper from European smelted cop-
per using these three techniques.
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North America are high in As and Ag (Hancock et al., 1991; Mauk and
Hancock, 1998). Therefore, concentrations of these elements should
be considered in conjunction with concentrations of other elements
such as Pb. Where concentrations of Pb are also high, elevated levels
of As and Ag indicate European smelted copper.
Dussubieux (2007) and collaborators (Dussubieux et al., 2008;
Walder, 2015) have examined the applicability of LA-ICP-MS analysis
to copper and copper alloys. In a rigorous study examining the repro-
ducibility and accuracy of the method as applied to these metals,
Dussubieux concluded that LA-ICP-MS is appropriate, but that there
are two challenges to be faced. First is the questionof theuse of standard
reference materials (SRMs): it is difﬁcult to obtain solid standards with
an appropriate suite of elements. Indeed, the concentration of gold, one
of the elements that Hancock et al. (1991) indicate to be useful for
distinguishingbetween native and smelted European copper, is not pro-
vided in commonly used copper and brass SRMs (e.g., unalloyed copper
referencematerials SRM400, SRM495, and SRM500). The second is the
issue of heterogeneity within the material. Comparison of concentra-
tions of zinc, tin, lead, arsenic, bismuth and silver obtained using ICP-
MS and LA-ICP-MS showed that agreement was better for some ele-
ments (Ag, As, and Sn), and poorer for others (Pb, Zn and Bi). For differ-
ent reasons, elements are not distributed evenly throughout the copper
or copper alloy body. A second study (Dussubieux et al., 2008) that fo-
cussed on exploration of the effect of corrosion and heterogeneity of
copper employed three different methods of analysis. This study and
Walder's (2015) work showed that elemental concentrations in corro-
sion products are different than those in uncorrodedmetal. Both studies
observed Zn may be depleted in the corrosion product. Walder, 2015)
also found some elements occurring in elevated concentrations (Al, P,
Mn, Fe, Sn, Sb, and Pb) in corroded metal. Dussubieux et al. (2008)
indicate that representative concentrations may be obtained by sam-
pling deeper in the metal. The concentration of lead, however, remains
variable because this metal is immiscible in copper, thus the overall
product is not completely chemically homogeneous. In conclusion,
Dussubieux et al.'s (2008) results show that LA-ICP-MS can also be
used to reliably separate native copper from European copper using el-
ements that Wayman and Hancock identiﬁed using INAA (As, Sb and
Ni). In addition, LA-ICP-MS can be used to determine the concentration
of an additional important element – lead. While Dussubieux et al.'s
study discussed the problems of measuring lead with LA-ICP-MS sheTable 2
Description of copper based metal objects analysed.
Site and component Sample number Catalogue number Context
Ellery–17th century 196 A N29W142 1-2 Hillslope midden
196 B N29W142 1-2 Hillslope midden
196 C N29W142 1-2 Hillslope midden
254 A N29W124 2-1 Hillslope midden
Ellery–Lalonde 565 N64W210 1-1 Hillslope midden
2578 N132W288 Layer I-2 Midden
2591 N132W288 Layer I-3 Midden
3170 N132W288 Layer I-3 Midden
3212 N132W295 Layer I-4 Midden
Emmerson Springs ES01 N329E199 1-19 Plough zone
ES02 N285E159 3-05-10 Midden
ES03 N280E195 1-12 Plough zone
ES04 N282E192 1-13 Plough zone
ES05 N285E159 2-8-20 Midden
ES06 N270E189 1-14 Ash feature
ES07 N275E175 2-13-12 Midden
ES08 N275E175 3-2-16 Midden
ES09 N310E189 1-12 Plough zone
ES10 N287E159 1-4-15 Midden
Wallace W1-390 N176W128 Plough zone
W2-2186 N180W84 Plough zone
W3-2450 N176W128 Plough zone
W4-3807 N172W128 Feature
W5-281 N172W128 Plough zoneconcluded that measuring lead by LA-ICP-MS is “reasonably reliable”
(Dussubieux et al., 2008: 8).
3. Sites and description of artifacts
Artifacts were selected from four components of three archaeologi-
cal sites (Table 2). Two of these sites, Emmerson Springs (AkGx-5)
and Wallace (AkGx-1) are located on the upper reaches of the Credit
River in southern Ontario, just above the Niagara Escarpment (Fig. 1).
The only other Iroquoian sitewithin 10 km is GlenWilliams, an ossuary.
Because they lie north of established Attawandaron site clusters (Lennox
and Fitzgerald, 1990) and west of the area described as ancestral
Wendat territory, and because the timing of the establishment of these
confederacies is not well understood, we describe them simply as Late
Northern Iroquoian. The third site, Ellery (BdGx-8), is found to the
northwest of Orr Lake in the Simcoe Uplands. This is a Wendat site
with a mid-seventeenth century contact period component and an ear-
lier Lalonde component.
All of the excavations reported were undertaken by ﬁeld schools.
Crawford (1985) directed theWallaceﬁeldwork byUniversity of Toron-
to students in 1984 and 1985. Hawkins (2006, 2015) directed ﬁeld
schools at Emmerson Springs in 2002–2004, and at Ellery in 2008,
2011 and 2013. Glass beads were recovered from the seventeenth cen-
tury component at Ellery, but not from any of the other sites or compo-
nents. All projects rigorously recovered small artifacts and other
remains by sampling sediment for ﬂotation and by screening sediment
that was not selected for ﬂotation. At Ellery and Emmerson Springs ap-
proximately one ﬁfth of all midden deposits were ﬂoated, with heavy
fractions being passed through 1.6mmmesh screen. All heavy fractions
have been sorted. At Ellery sedimentwaswater screened through 3mm
wire mesh cloth with sorting occurring in the laboratory. At Emmerson
Springs midden sediments were screened through 3 mm mesh with
sorting occurring in the ﬁeld. At the Wallace site, sediment from about
half the ﬁll of every layer of each feature and many post holes were ﬂo-
tation sampled. Substantial portions of midden deposits were also sam-
pled by stratum. In total about 3000 l of sediment were processed by
ﬂotation resulting in about 25 kg of light fraction. The light fractions
are still being processed althoughmost have been analyzed. Heavy frac-
tions were collected in screening the same size as that at Ellery and
Emmerson Springs. All undisturbed contexts that were not ﬂotation
sampled were dry-screened through 0.25 inch (6 mm) mesh. AllNature of object No. of samples analysed
Elongate narrow piece folded once with one pointed end 2
X-shaped piece, partially folded longitudinally 2
Small ﬂat piece (scrap?) 2
Small ﬂat piece (scrap?) 2
Small trianguloid piece (scrap?) 2
Short, wide tubular construct 3
Very narrow, thick pointed object, slightly twisted (awl) 2
Small ﬂat irregularly shaped piece 2
Conical tubular construct 3
Flattish rectangular construct 1
Long, narrow tubular construct 1
Long, wide tubular construct 2
Flat, folded object 1
Long, narrow tubular construct 1
Flattish irregularly shaped object 2
Short, narrow tubular construct 1
Short, pinched partially tubular construct 1
Long, wide tubular construct 1
Short, wide tubular construct 1
Narrow tubular construct 1
Wide tubular construct 1
Rectangular construct, bent 1
Narrow tubular construct 1
Several small irregularly shaped pieces 1
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cant items. While seed beads are recovered on Iroquoian sites, and the
recovery methods used at these sites would not capture beads of this
size (i.e., b2 mm diameter), we know of no site where seed beads are
found where larger beads are not also found. We are therefore reason-
ably conﬁdent that the lack of glass beads recovered reﬂects a true ab-
sence, or presence in extremely low numbers at these sites.
A total of 24 metal artifacts were sampled for analysis. This includes
copper-basedmetal artifacts fromWallace not previously analysed (Fig.
2), all of the recovered copper-based artifacts from Emmerson Springs
(Fig. 3) and from the Lalonde component of the Ellery site (Fig. 4). We
also sampled a small number of the 72 copper-based artifacts recovered
to date from the seventeenth century component of the Ellery site. Sev-
eral of these pieceswere sampledmultiple times to establish the degree
of comparability between samples (Table 2).
4. Analytical procedure
Small samples of the artifacts were removed with a wire cutter and
embedded in epoxy. This was polished in steps, using a 3 μmsilicon car-
bide paste for the ﬁnal step. This was to remove all corrosion products
and expose a clean and smooth surface for analysis. We selected this
method of sample preparation in order to avoid analysing corrosion
products and to prepare a mount with a ﬂat surface the same height
as the reference material. While this does result in destruction of a
small amount of the artifact, we chose this method because it should
produce more accurate data and because it is possible to rapidly mea-
sure a number of samples.
The LA-ICP-MS analyses were carried out in the Chemical Finger-
printing Laboratory of the Department of Earth Sciences at Laurentian
University, using a Resonetics RESOlution M-50 laser ablation micro-
probe coupled to a Thermo X-Series II ICP-MS. The Resonetics system
uses an argon ﬂuoride excimer laser with a wavelength of 193 nm and
pulse duration of 20 ns. The analyses were carried out as traverses rath-
er than spots using a pulse repetition rate of 10 Hz, spot size of 66 μm,
scan speed of 11 μm/s, andﬂuence of 4.5 J/cm2. The traverse lengths var-
ied from 0.5–2.5 mm (50–237 s).
Data processing was carried out using the Iolite software package
(Version 3; Paton et al., 2011). The majority of the data were calibrated
using NIST SRM500 (an unalloyed copper) as an external reference and
normalization to 100% as an internal reference. The data were also
processed using theNIST 610 glass standard as an external reference be-
cause some elements are not covered by NIST SRM 500. Concentrations
of the following elements were obtained using the SRM 500 for calibra-
tion: Fe, Co, Ni, Cu, Zn, As, Se, Ag, Sb, Te, Pb, and Bi. Concentrations of Cr,Fig. 2. Copper-based metal artifacts from the Wallace site (a: 281, b: 5101, c: 2450, d: 3807, e:
equivalent to 1 cm.Mn, Sn, andAuwere also obtained using the SRM500, but these concen-
trations are “informational” rather than certiﬁed in SRM 500. Unfortu-
nately, therefore, the Au and Sn concentrations reported herein may
not be accurate. Concentrations of another 21 elements were obtained
using NIST 610 as an external reference material: Be, Na, Mg, Al, Si, P,
Sc, V, Pd, Cd, In, La, Ce, Sm,W, Os, Pt, Hg, Tl, Th, U, ofwhich only In is con-
sidered in this analysis.
5. Results of LA-ICP-MS analysis
5.1. Copper
Twenty samples from fourteen artifacts from Wallace, Emmerson
Springs and the Lalonde component at Ellery have low concentrations
of zinc. These were examined using the elements that Hancock et al.
(1991) and Dussubieux et al. (2008) identiﬁed as most useful for
distinguishing native copper from European smelted copper: Ni, As,
Au, Sb, and Ag. A scatterplot of Ni vs. Sb easily separates samples into
two groups low trace elements (LTE) and high trace elements (HTE),
as was also the case with samples examined by Dussubieux and
Walder (2015) (Fig. 5). Samples with low concentrations of Ni and Sb
also had much lower concentrations of other elements determined to
be useful for separating native copper from European smelted copper
(As, Au, Ag, Pb, Co, Bi, In) (Table 3).
All of the native copper objects analysed here conform to what
Hancock et al. (1991) describe as very clean copper: none of it has ele-
vated concentrations of iron or arsenic. Concentrations of In were ob-
tained with the NIST 610 glass standard, and are therefore not
considered as reliable as those obtainedwith the SRM500. Like Co, In oc-
curs in lower concentrations in native copper (native: below detection
limits, European smelted: 4.5 ppm).
While examination of Table 3 shows that there is some variability in
the elemental concentrations obtained for different pieces from the
same object, this is not unexpected given the heterogeneous nature of
the material. In all cases the variation is relatively low.
Comparison of the chemistry of identiﬁed European smelted copper
fromWallace and Emmerson Springswith those deﬁned byPavlish et al.
(1998) shows that all of the samples analyzed here fall broadly into the
low-indium group (b20 ppm). Pavlish et al. deﬁned six chemistries
within samples from Attawardaron Iroquoian sites in the Crawford
Lake area and suggested links between sites based on these similarities.
The chemistries of the four Wallace and Emmerson Springs European
smelted copper objects are more similar to each other than they are to
the chemistries of the artifacts from the nearby Crawford Lake sites. It
would be premature to deﬁne groups based on such a small number2168, f: 390). Artifact b (5101) was analysed using INAA by Hancock et al. (1991). Bar is
Fig. 3.Metal artifacts from Emmerson Springs (a: ES08, b: ES05, c: ES10, d: ES04, e: ES02, f: ES01, g: ES09, h: ES06, i: ES03). Artifact h (ES06) is lead. Bar is equivalent to 1 cm.
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(N3000 ppm) and As (1000–2100 ppm) distinguish these samples
from all the deﬁned Crawford Lake chemistries.
5.2. Brass
General classiﬁcation of copper alloys is difﬁcult because archaeolo-
gists have not adopted a standard nomenclature system.Michelaki et al.
(2013) distinguish between red and yellow brass based on the amount
of zinc and tin present: red brass has b20± 2% zinc and 1–6% tin, while
yellow brass has more than 20± 2% zinc and b2% tin. We ﬁnd that this
classiﬁcation, while it does not adequately describe all of the samples
with high amounts of zinc, is more useful than a classiﬁcation that relies
entirely on zinc. An alternative system for low lead copper alloys is that
described by Bayley (2002), which classiﬁes high zinc alloys (approx.
Zn ≥ 4Sn) as brass; high tin alloys as bronze (approx. Sn ≥ 3Zn); and in-
termediate alloys as gunmetal.Fig. 4. Select copper-based metal artifacts from the Lalonde component aThree samples could be classiﬁed as red brass based on relatively
low concentrations of Zn (5.6–11.9%) and high concentrations of Sn
(1.1–2.3%). Two of these samples come fromWallace, the third from
Emmerson Springs. The two items fromWallace are chemically sim-
ilar in other respects too: they have low concentrations of gold
(1 ppm) and cobalt (4.6–5.3 ppm) and high concentrations of nickel
(1900–2500 ppm). In the system described by Bayley, the object
from Emmerson Springs and the Wallace artifact W03 would be
considered gunmetal, while Wallace W01 would be classiﬁed as
brass.
The remainder of the copper alloy samples (12 samples from six ar-
tifacts) conforms better to the description of yellow brass, although in a
number of cases, the measured concentration of Zn was not as high as
20% (Table 4). The concentration of Sn, however, is consistently low
for all of these samples (0.03–0.71%). All of these samples are from
Ellery, although two come from the Lalonde component. It is notewor-
thy that some of the high zinc samples also had relatively high amountst Ellery (a: 2578, b: 3212, c: 2591, d: 3170). Bar is equivalent to 1 cm.
Fig. 5. Concentrations of Sb (ppm) vs Ni (ppm) showing separation of native copper (LTE)
from European smelted copper (HTE). Note that many of themeasured concentrations for
both Ni and Sb are below the limit of detection.
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duces its strength (Fitzgerald, 1990: 411).
In several studies (e.g., Anselmi et al., 1997; Hancock et al., 1995a;
Michelaki et al., 2013; Pavlish et al., 1998), Hancock and colleagues de-
ﬁned brass chemistries and examined the distribution of these within
and between sites. Researchers have demonstrated that copper and
brass trade kettles were cut up and used by Indigenous peoples for fab-
rication of a wide range of objects including weapons and ornaments
(Anselmi, 2004; Ehrhardt, 2005); however, this repurposing of brass
and copper kettles apparently did not include remelting and remixing
of kettle parts. While the copper and brass kettles that arrived in the
Northeast certainly had a wide range of chemistries, the chemistries of
a series of objects fabricated from a single original kettle would be
very similar (Anselmi, 2004, 2008). Hancock and colleagues therefore
suggest that artifacts with similar measured chemical compositions
may derive from the same original kettle or batch of kettles. ArtifactsTable 3
Elemental concentrations (ppm) of selected elements for samples determined to be nearly pure
cated by “–” are below detection limits. Uncertainties for each element were typically ca. 10%,
Ni Zn As Ag
North American native copper
2578a Ellery Lalonde – 14 – 140
2578b Ellery Lalonde – 13 – 140
2578c Ellery Lalonde – 22 – 180
2591a Ellery Lalonde – 16 – 250
2591b Ellery Lalonde – 5.8 – 200
3212a Ellery Lalonde – 300 – 86
3212b Ellery Lalonde – 53 – –
3212c Ellery Lalonde – – – 69
ES01 Emmerson Springs – 41 – 52
ES03a Emmerson Springs – 20 – 130
ES03b Emmerson Springs – 22 – 120
ES05 Emmerson Springs – 38 22 350
ES07 Emmerson Springs – 84 – 470
ES08 Emmerson Springs – 19 – 98
ES09 Emmerson Springs – 7.7 14 320
ES10 Emmerson Springs – 24 – 187
European smelted copper
ES02 Emmerson Springs 930 110 1400 770
W2 Wallace 1000 80 1300 730
W4 Wallace 790 150 1100 780
W5 Wallace 1200 240 2100 830
Average detection limit 16 8 11 12
a In values determined using the NIST 610 glass standard.with similar compositions but recovered fromdifferent sites could dem-
onstrate a connection between these locations.
Brass chemistries could be of interest for two reasons in this study.
First, two brass objects were recovered from Lalonde contexts at the
Ellery sites.While it is possible that these represent very early examples
of trade metal in Huronia, it is also possible that were deposited during
the seventeenth century occupation. If the “Lalonde” brass shares chem-
istry with artifacts from the seventeenth century objects, this would
support the idea that the artifacts are later intrusive elements.
A second reason to examine brass chemistries is to compare those of
the Ellery artifacts with chemistries deﬁned for several seventeenth
century Wendat sites including Robitaille (Hancock et al., 1995b),
Auger (Anselmi et al., 1997), and Ste. Marie II (Hancock et al., 1995a).
Ellery has been identiﬁed as the probable location of the only Deer na-
tion site of theWendat confederacy. Robitaille, though slightly earlier,
is a Bear Nation site and Auger, also earlier than Ellery, is Cord Nation.
Ste. Marie II is the location on Christian Island where a group ofWendat
and Frenchmissionaries took refuge in thewinter of 1649–1650 CE. Ac-
cording to the historical record, the Deer nation people did not join the
group on Christian Island, but rather moved south. Trigger (1976: 767)
characterizes these people as “seemingly the least integrated members
of [the confederacy].” Despite the proximity in time, we should there-
fore expect that therewould be few, if any similarities in the chemistries
of the brass from Ellery and those from Ste. Marie II and other seven-
teenth centuryWendat sites.
Hancock et al. (1995a) found that brass samples divided very gener-
ally into two groups based on the concentrations of As and Ag. One
group has high Ag and low As concentrations, while the other group
has even concentrations of the two elements grading into low Ag and
high As. Eight samples from four artifacts from Ellery fall into the ﬁrst
group, the remaining brass artifacts from Ellery and the twoWallace ar-
tifacts fall into the latter group. All of the former group also have rela-
tively high concentrations of In, as do the two artifacts from Wallace.
The remaining two objects have relatively low In, but not as low as
that measured in many of the INAA studies.
The very small number of artifacts analysed makes it impossible to
identify patterns in the brass chemistries. We note only one possible re-
lationship. The two brass artifacts from Wallace have a chemistry that
differs from all of the other brass artifacts analysed. It is low in Au andcopper. Note that multiple samples were analyzed for some objects. Concentrations indi-
therefore two signiﬁcant digits are shown.
Sn Sb Au Pb Bi Co Ina
– – – 0.58 – – –
– – – – – – –
2.4 – – 7.1 – – –
– – – 1.3 – – –
– – – 0.46 – – –
– – – 0.91 – – –
– – – 0.87 – – –
– – – – – – –
– – – 0.48 – – –
8.5 – – 250 – – –
7.9 – – 180 – – –
– – – 410 – – –
3.8 – – 0.98 – – –
5.1 – – 150 – – –
2.9 – – 97 – – –
5.7 – – 150 – – –
240 3000 2.3 3900 22 9.4 1.7
1000 3000 2.0 5100 17 7.7 7.2
910 3500 2.6 3200 19 5.6 3.5
510 3600 2.8 5500 28 7.4 5.8
19 1.1 0.4 6.8 0.2 1.8 0.2
Table 4
Elemental concentrations (ppm) of selected elements in red and yellow brass.
Red brass Ni Zn As Ag Sn Sb Au Pb Bi Co Ina
w1 Wallace 2500 120,000 440 420 11,000 81 1.4 12,000 22 4.7 45
w3 Wallace 2000 88,000 830 540 23,000 110 1.4 7700 19 5.4 100
ES04 Emmerson Springs 420 56,000 170 820 16,000 36 4.0 890 4 16 84
Yellow brass
565 Ellery Lalonde 530 180,000 380 920 2400 110 27 9400 34 43 24
565 Ellery Lalonde 530 170,000 400 940 2500 110 28 7100 29 44 25
3170 Ellery Lalonde 740 210,000 630 940 3000 260 22 4900 34 79 34
3170 Ellery Lalonde 760 220,000 630 910 3100 290 21 6000 42 83 35
196A Ellery–17th c 1700 200,000 1000 540 1600 220 11 21,000 26 14 8
196A Ellery–17th c 1700 220,000 860 420 1200 170 8.6 18,000 21 14 6
196B Ellery–17th c 340 210,000 340 880 1300 83 28 11,000 23 25 17
196B Ellery–17th c 330 210,000 340 830 1200 87 28 14,000 29 25 17
196C Ellery–17th c 490 240,000 190 720 7100 50 11 2900 32 26 33
196C Ellery–17th c 480 240,000 190 720 7200 50 11 2500 30 26 33
254A Ellery–17th c 1500 130,000 1100 720 450 120 8.6 1900 3 5.4 6
254A Ellery–17th c 2300 200,000 930 450 300 100 4.8 3000 2 9.4 3
a In values determined using the NIST 610 glass standard.
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correspond with that of the chemistries deﬁned in the Crawford Lake
area (Pavlish et al., 1998). None of the brass artifacts from Ellery can
be grouped, nor do they appear to share chemistries with artifacts
from Christian Island or Auger. There are some similarities to the brass
chemistries deﬁned for the Robitaille site (Hancock et al., 1995b). Two
specimens from the contact period contexts (196A and 196C) at Ellery
have chemistries that fall into Group one from Robitaille, and one spec-
imen from the Lalonde context falls into Group three. It should be noted
that for grouping Hancock et al. (1995b) only consider the concentra-
tions of Au, Ag, Zn and In, while Anselmi et al. (1997) also examine As,
Sb and Sn. The Christian Island analysis adds Co andMn to the elements
listed above (Hancock et al., 1995a).
5.3. Lead
One artifact from Emmerson Springs (sampled twice) is not copper,
but lead (Table 5). A few other samples of lead from Ontario Iroquoian
sites have been analysed by INAA including two from Ste. Marie II
(1649–50 CE) presented by Hancock et al. (1995a: 258). Like us, they
did not anticipate their results: “The ﬁnding of two lead samples was
rather surprising, since at the time of sampling, effortsweremade to ex-
clude non-copper based metals.” Anselmi et al. (1997: 50) report the
following about the samples from the Auger site (1615–1630 CE),
“Three of the 175 analytical samples, after analysis, were found to be
composed of a material other than copper, zinc or tin, (probably lead)
though their visual appearance and corrosion resembled that of brass
or copper.” The piece that we analysed also appeared similar to the
copper-based artifacts from Emmerson Springs. While Anselmi et al.
(1997) do not provide elemental concentrations of the material from
Auger, Hancock et al. (1995a) do. The Emmerson Springs object has a
higher proportion of tin, zinc and indium than the two objects from
Ste. Marie II.Table 5
Concentrations (ppm) of selected elements found in the lead artifact from Emmerson
Springs (ES06) analysed by LA-ICP-MS compared with concentrations found in two lead
artifacts from SteMarie II analysed by INAA (Hancock et al., 1995a: 258). Values indicated
by a dash are below instrumental detection limits.
Ni Zn As Ag Sn Sb Au Co Ina Mn
ES06 – 8.3 63 35 14,000 190 0.39 – 24 –
ES06 – 4.9 99 57 18,000 170 0.70 – 32 –
Ste Marie Pb08 – – 39 190 2700 200 0.27 – – –
Ste Marie II Pb45 – – 660 980 370 310 0.08 – – 4
a Indium values for the Emmerson Springs artifact were determined using the NIST 610
glass standard.Other examples of ‘whitemetal’ alloys include a zinc object from the
Pipeline site in the Crawford Lake area (Pavlish et al., 1998) and one
from the Providence Bay site on Manitoulin Island (Hancock et al.,
1993). It was suggested that the latter could be 19th century, but to-
gether with the small number of lead objects from a diversity of sites,
this suggests that other metals, particularly in malleable and sheet
form were trade commodities, even if they were not red.
6. Radiocarbon dates
Radiocarbon dates are available for all of the components analysed
(Fig. 6) and the distribution of native vs. European copper-basedmetals
from the different sites can be considered in light of these dates. The
dates from Wallace, Emmerson Springs and the Lalonde component at
Ellery are previously unpublished. A single date from the 17th century
component at Ellery was published by Yu et al. (2000).
Three dates based on carbonized maize found within different fea-
tures at the Wallace are statistically identical (Fig. 6). Based on the
one-sigma determinations, they suggest that theWallace site was occu-
pied sometime between about 1525 and 1610 CE, or in the 1630s. The
latter possibility can be excluded based on the lack of glass beads.
The radiocarbon dates for Emmerson Springs aremore variable. Four
AMS dates were obtained on carbonized maize kernals from different
depths within the same midden deposit on the east edge of the village.
The apparent lack of glass beads suggests that we can again exclude
some of the age estimates that post-date 1580 CE (Kenyon and
Kenyon, 1983). Together, the remaining one-sigma determinations sug-
gest an age in the early to mid sixteenth century. One of the intersec-
tions from date B-252533 may be anomalously early.
According to Yu et al. (2000), the contact period at Ellery dates to
1640 ± 10 CE. This date correlates well with the glass bead chronology
for this part of the site. Red tubular beads comprise 22% of the assem-
blage recovered to date (Hawkins, 2015), which is usually considered
to indicate Glass Bead Period IIIb, or 1630–1649 CE (Kenyon and
Kenyon, 1983). In addition, an unusual pottery type that is found on
late Wendat sites (Genoa Frilled), is present in this part of the site
(Hawkins, 2001). Ridley (1973) suggests that this pottery is associated
with the historically documented migration of a group of Wenro refu-
gees and that it post-dates 1639 CE.
Two radiocarbon dates were obtained on maize kernals from the
Lalonde component at Ellery. These come from two different middens,
one located on the southern slope and a second located at what is likely
to be the northern boundary of the site. No glass beads have been recov-
ered from either midden, and the pottery, pipes, and stone artifacts re-
covered from both these middens are consistent with a Lalonde
occupation (Ridley, 1952). The Lalonde period in Ontario is not well
Fig. 6. Radiocarbon determinations for samples fromWallace, Emmerson Springs and Ellery. Calibration of radiocarbon dates from CALIB (Stuiver et al., 1996–2015).
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(Stopp, 1985; Varley, 1993). Both of these suggest that Lalonde dates
to the ﬁfteenth and sixteenth centuries. The one sigma determinations
for both Ellery dates include peaks in the mid-seventeenth century,
and in the case of the date from the northern midden, the probability
of a date is this range is quite high. It is possible that the dated maize
was intrusive from the 17th century component at the Ellery site. The
presence of yellow brass suggests some degree of mixing of deposits.
The one-sigma range for the date from the southern midden includes
one peak that better ﬁts expectations with respect to the timing of the
Lalonde occupation (1520–1575 CE). We therefore suggest that the
Lalonde occupation of Ellery occurred during the middle of the six-
teenth century.7. Discussion and conclusions
As established by Dussubieux et al. (2008) LA-ICP-MS is useful for
distinguishing native North American copper from European smelted
copper and copper alloys. With a couple of caveats, we ﬁnd that the re-
sults of such analysis are broadly comparable to those from INAA of the
same metals. We note that LA-ICP-MS targets a small portion of an ob-
ject, while INAA provide bulk chemistries, however, multiple samples
taken from the same object, while not identical in their measured ele-
mental concentrations, had similar values. A second signiﬁcant differ-
ence is that LA-ICP-MS is able to determine the concentration of lead,Table 6
Number of artifacts of different metals identiﬁed using LA-ICP-MS.
Site and
component
Native
copper
European
copper
Red
brass
Yellow
brass
Lead
Ellery–17th centurya 4
Ellery–Lalonde 3 2
Wallace 3 2
Emmerson Springs 7 1 1 1
a The sampled artifacts from the 17th century component at Ellery represent only a
small fraction of the copper-based metal artifacts recovered to date.an important element in describing the chemical signature of 16th
and 17th copper based metal, while INAA is not.
Of the sites examined, we argue that the oldest occupation is at the
Emmerson Springs. A mix of native copper and European smelted
metals (Table 6) are present, but native copper artifacts (7) outnumber
European smelted metals (copper= 1, red brass= 1, lead= 1). One of
the trade metals is a long narrow tubular construct and is indicative of
indigenous crafting of European metals. As discussed above, the radio-
carbon dates for Emmerson Springs require interpretation, but in the
absence of evidence for trade beads, we suggest that the dates indicate
indirect trade was occurring in the mid-sixteenth century in southern
Ontario.
All of the pieces fromWallace analyzed in this study are European in
origin (European smelted copper = 3, red brass = 2) (Table 5). An ad-
ditional piece analysed by Hancock et al. (1991) is native copper. The
relatively low proportion of native copper at Wallace, compared with
Emmerson Springs suggests that if the two sites are sequential villages,
thenWallace is the later of the two. The radiocarbon dates from the two
sites, although overlapping, suggest a slightly later occupation for Wal-
lace. Given that occupations are likely to have lasted for approximately
25 years, and that the errors on the radiocarbon dates are 30 years or
more, this overlap is to be expected for sequential sites. If Wallace is
later than Emmerson Springs, this would ﬁt the pattern identiﬁed for
the north shore of Lake Ontario, in which sequential villages moved
north over the course of the ﬁfteenth and sixteenth centuries (Birch
and Williamson, 2012). It is unfortunate that other artifact types, such
as pottery decorations, are very similar during this period of Late Iro-
quoian history and of little help in establishing chronologies.
The formal artifacts from the Ellery Lalonde component are all native
copper (Fig. 4, Table 6). Two other objects, ﬂattish pieces with some ev-
idence of working (bending), are yellow brass. One of these was recov-
ered frombetween 0 and5 cmbelow surface, while the otherwas found
between 10 and 15 cmbelow surface, at the same level as one of the na-
tive copper objects. This is still considered to be the upper-most layer in
the unit. Given the proximity of the Lalondemiddens to the 17th centu-
ry village, at this time we cannot exclude the possibility that both of
these brass objects were deposited during the later 17th century
340 A.L. Hawkins et al. / Journal of Archaeological Science: Reports 6 (2016) 332–341occupation. The material that the other copper artifacts were made
from, and the fact that they are not scrap, suggests that these three
items were deposited during the Lalonde occupation. At this time, we
do not have good evidence that copper-based trademetalswere present
at Ellery during the Lalonde occupation in the middle of the sixteenth
century. This can be compared to ﬁndings from the nearby Ball site
which is estimated to have been founded at approximately 1590 CE,
when the Arendarhonon people from the Benson site joined theWendat
confederacy. Analysis has shown that only one of 249 pieces of copper-
basedmetal analysed by INAA is native copper (Michelaki et al., 2013). If
the Lalonde component at Ellery dates to ca. 1550 CE, this indicates a
nearly complete replacement of native copper by smelted trade copper
in the span of 40 years. Michelaki et al. (2013) note that very little
copper-based metal was found at the Benson site.
All of the analysed objects from the 17th century component at
Ellery are yellow brass (Table 6). This is not surprising in light of the ra-
diocarbon and glass bead dates for this component. Brass was less ex-
pensive to produce and with time it is expected that brass trade
materials replace copper in Québec and Ontario (Anselmi, 2004, 2008:
105–107). We might also expect that the amount of zinc in brasses
would rise over time (Fitzgerald, 1990; Michelaki et al., 2013) so that
yellow brasses would be more common than red brasses on the latest
sites. At both Emmerson Springs and Wallace, which we suggest both
date to the 16th century, the only brass present is red brass. While
there is yellow brass from the Lalonde component at Ellery, we cannot
exclude the possibility that it is intrusive from later occupation of the
site.
At this time we are hesitant to speculate on the routes by which
metal trade items entered Ontario in the sixteenth century. Links with
St. Lawrence Iroquoians, Algonkians, and the Susquehannock should
be explored. One means of doing this would be through the chemical
analysis and comparison of copper-based metal artifacts in Ontario
with those from sites such as the Dawson St. Lawrence Iroquoian site
(Kidd, 1972). As Hancock et al. have demonstrated, it is possible to
group artifacts within and between sites based on chemical concentra-
tions. It may be possible to make similar comparisons between regions.
In conclusion, LA ICP-MS is useful for distinguishing North American
native copper from European copper based on concentrations of Ni, Zn,
As, Ag, Sn, Sb, Au, Pb, Bi, Co and In. European trade metals appear in
southern Ontario at least as early as themid-sixteenth century and pos-
sibly as early as the early sixteenth century. This iswell in advance of the
presence of glass beads. There is good evidence for trade metals at this
time on the two sites on the Credit River drainage, which connects to
Lake Ontario. By contrast, there is no strong evidence for early trade
metals (European copper and red brass) at the Ellery site in Huronia.
This suggests that early trade metals may have been available in the
Lake Ontario drainage before the Georgian Bay area, but this would
need to be conﬁrmed by testing of metal from a larger sample of well
dated sites in both areas.Acknowledgements
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